Summary. The urodynamic changes produced by sacral anterior root stimulators have been assessed in 13 patients with spinal injuries.
Introduction
REFLEX MICTURITION in patients with spinal injuries is inferior to normal micturition in four ways. It usually leaves a high residual volume; its spontaneous occurrence is difficult to predict; in some patients it is difficult or impossible to trigger artificially; and the outflow resistance is often abnormally high. The first of these faults is probably the main reason why urinary infections are common in patients with spinal injuries; the second and third faults cause the majority of them to be incontinent of urine, and to remedy the fourth fault, bladder neck resections and external sphincterotomies are often done, and may make the incontinence worse.
Brindley et al. (I982) described the use of sacral anterior root stimulators for bladder control in eleven patients with spinal injuries. All these patients had decreased urinary residual volumes after implantation of the stimulator and six became continent. The present paper reports urodynamic findings on the above eleven patients and the next two in series, i.e. on all patients with spinal injuries who have had sacral anterior root stimulators implanted at the Maudsley Hospital between April 1978 and September 1982 (Table I) .
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Methods
Before surgery, patients 3 to 13 were assessed by videocysto-urethrography with pressure and flow studies (Bates and Corney, 1971) . The procedure used was as follows (patient was asked to attend with a full bladder): on arrival he/ she was allowed to void in his/her normal fashion, e.g. suprapubic percussion, abdominal straining etc., seated on a Disa flowmeter. The patient was then transferred to an X-ray screening table and the bladder was catheterised transurethrally with a size 8 French catheter for bladder filling and a 1 mm polythene tube for bladder pressure measurement. The residual urine volume was measured. A 2 mm polythene tube, protected from faecal blockage by a condom, was inserted into the rectum for intra abdominal pressure measurement. The two polythene tubes were con nected to pressure transducers and the rectal pressure electronically subtracted from the intravesical pressure to give the actual detrusor pressure. All three were recorded on a chart recorder. The bladder was filled with a radio-opaque medium (Diodone or U ro grafin) on at least two occasions. First, fast bladder filling was used (100 ml/min), so that the bladder could be radiologically screened through most of the filling phase. The bladder was then emptied and filled more slowly (30 ml/min) in order to assess detrusor activity and capacity more accurately. During bladder filling the patient was asktd to report any sensation. When cystometric capacity was reached the filling catheter was Detrusor pressure rise and maximum voiding pressure-em H20 Peak flow rate-ml/sec Where several volumes were available for the same parameter, the mean has been recorded. 
removed and the patient was tilted semi-upright and placed in the right oblique position. The majority of patients could not void in this position but bladder morphology and vesico-ureteric reflux were assessed, and, in those patients who could void, the residual volume was measured once more. Pre-operative assessment also included an intravenous urogram and culture of several midstream or catheter specimens of urine.
Videocysto-urethrography with pressure and flow studies was repeated 6 months to 5 years after implantation of the sacral anterior root stimulator. The post-operative procedure was similar to the pre-operative except that all voidings were done by means of the implant, and voiding pressures could therefore be measured in all patients. The transmitter had been previously set, partly by trial and error, to stimulus parameters that gave a good flow.
In addition to videocysto-urethrography the patients' urinary residual volume was assessed post-operatively on several occasions using a non catheter dye dilution technique (Cotran and Kass, 1958) . The intravenous urogram was repeated at approximately 6 months and every 2 years thereafter and several midstream specimens of urine were sent for culture.
Results
The pre-operative urodynamic parameters are shown in Table II . Five of the patients had permanent indwelling catheters and of the rest only two patients (6 and 10, both female) had residuals less than 50 m!. Eight of the patients had markedly hypertonic bladders with end-filling detrusor pressures greater than 40 em H20, and all but one of these, as well as one other, had marked uninhibited detrusor contractions during slower filling cystometry. Only six of the patients were able to void at will, (one by straining and the rest by suprapubic percussion), during the urodynamic assessment. Of these, four had marked detrusor sphincter dyssynergia (patients 3, 8, 12 and 13).
Pre-operative radiological screening revealed vesico-ureteric reflux in patients 2, 5 and 8. In the former two it was bilateral grade one reflux and in the latter there was grade 2 reflux on the left only. All 13 patients had coarsely trabeculated bladders and patients 2, 3, 7, 8 and 13 had one or more bladder diverticula.
The post-operative urodynamic data are shown in Table III . No patient required an indwelling catheter and the residual urine was 50 ml or less in all cases. Although cystometric capacity was not increased in all patients the functional capacity was improved. The changes in functional capacity are shown in Figure I .
All patients were able to void using the stimulator. It was considered that a peak flow rate of 10 ml/sec or more and a maximum voiding pressure of 80 em H20 or less were acceptable. Patients 5 and 10 initially had a high voiding pressure (100 and 85 cm H20 respectively) so the frequency of pulses within bursts produced by their stimulators was reduced, thus lowering the voiding pressures to 70 and 60 em H20 respectively but maintaining a good flow rate and acceptable residual volumes.
Each patient was radiologically screened throughout at least one implant-driven act of micturition. After applying the transmitter to the receiver stimulation was commenced in bursts. The first burst produced 
an immediate rise in detrusor pressure and was accompanied by closure of the external urethral sphincter. As soon as the burst of electrical stimulation ceased the external sphincter relaxed and contrast medium flowed down the urethra into the flowmeter or bottle. The detrusor pressure meanwhile fell slowly until the next stimulation burst, when the cycle repeated (Fig. 2) . In most cases the bladder could be emptied completely in this manner but it was noted that as the detrusor fatigued voiding became less efficient; in two patients (cases 7 and II) it was necessary to stop stimulating when the volume of urine passed between each burst became very small, and to wait for 2 or 3 minutes before stimulating again in order to empty the bladder completely. The actual voiding cystometrograms for patients I, 2, 5, 8 and 13 are shown in Figure 2 . The flow rate recordings for patients I, 10 and 13 are shown in Figure 3 . For each of these 5 patients, the upper trace (R) records the rectal pressure, the lower trace (V) the vesical pressure, and the middle trace (S) the subtracted pressure. In conventional cystometry the subtracted trace would represent the pressure exerted by the detrusor but in some of our patients the rectal pressure is not always a true measure of intra-abdominal pressure. Rectal contractions can be distinguished from reflex contractions of the abdominal wall (which sometimes occur) by their slower onset. (a) Patient I. The detrusor contracts and relaxes rapidly in response to stimulation but the pressure does not fall to its pre-stimulation level until the detrusor fatigues towards the end of stimulation. Rectal contractions caused by stimulation can be seen in the rectal record. (b) Patient 2. This patient's nerve roots were damaged at the time of operation and had not fully recovered when he underwent postoperative urodynamic assessment. His detrusor pressure rise in response to stimulation is small and at this time his peak flow rate was only 5 ml/sec. His nerve roots have since recovered and he is able to void at 20 ml/sec using his implant. 
Continence
Of the 13 patients assessed, nine are reliably continent at night. Of these, both of the women and three of the men (3, 5, 12) are also completely dry during the day. They are able to void at socially acceptable time intervals and do not wear urine-collecting devices. Patients 8 and 13 are continent day and night but choose to wear condoms when at work, because the lavatories near them at work do not have space for wheelchairs. Patient 4 is continent by night and nearly continent in the day. He wears condom and leg-bag for safety on days when he intends to go out, but not on days when he intends to stay at home. Patient 2 is continent at night but not during the day. To achieve continence at night he needs to stimulate the striated sphincter by a continuous train of weak pulses through his implant. Patients 1,7,9 and 11 (of whom 1,7 and 9 have had previous bladder neck and/or urethral surgery) are not yet reliably continent.
RESUME
On a evalue les modifications urodynamiques provoquees par les stimulations des racines des nerfs anterieurs du sacrum chez treize patients blesses de la moelle. 
